Abstract. We first define a new fixpoint semantics which correctly models finite failure and is and-compositional. We then consider the problem of verification w.r.t. finite failure and we show how Ferrand's approach, using both a least fixpoint and greatest fixpoint semantics, can be adapted to finite failure. The verification method is not effective. Therefore, we consider an approximation from above and an approximation from below of our semantics, which give two different finite approximations. These approximations are used for effective program verification.
Introduction
Assume we have a semantics defined as least fixpoint of a continuous operator F on the lattice of "interpretations" and an interpretation I which specifies the expected program semantics. The program is partially correct w.r.t. I iff lfp(F) ⊆ I. A sufficient partial correctness condition, which can be verified without actually computing the fixpoint is F(I) ⊆ I.
In the case of logic programs, this is the approach taken by declarative debugging (diagnosis) [21, 22] , where the semantics is the least Herbrand model. The approach has been extended to model other observable properties such as correct answers [12] , computed answers and their abstractions [7] . In [23, 17] , this technique has been recently related to other techniques used in logic program verification by showing that all the existing methods [4, 11, 2] can be reconstructed as instances of a general verification technique based on the above defined sufficient condition, where the semantic evaluation function (and the notion of interpretation) can be chosen by using abstract interpretation techniques [9, 10] so as to model pre-and post-conditions, call correctness and specifications by means of assertions. The overall idea is that the property one wants to verify is simply an abstract semantics on a suitable abstract domain.
There is one interesting and specific property of logic programs, finite failure, which is not an abstraction of none of the semantics used in the above mentioned techniques and/or verification frameworks. Diagnosis or verification of finite failure is somewhat related to the diagnosis of missing answers in [13] , where the actual semantics is the greatest fixpoint of the standard ground immediate consequences operator (i.e. the complement of a set of atoms which contains the finite failure set and some atoms whose execution does not terminate).
However, if we want to verify properties of finite failures, we need to start from a fixpoint semantics modeling finite failure.
Unfortunately all the semantics defined for finite failure so far are not adequate for our purposes. The (ground) finite failure set FF P (the set of ground atoms which finitely fail in P) [3] does not model non ground failure. The NonGround Finite Failure set NGFF P (the set of finitely failed non ground atoms in P) [16] was proved in [14] to be correct w.r.t. finite failure and and-compositional (i.e. the failure of conjunctive goals can be derived from the the behavior of atomic goals only). However, NGFF P has no fixpoint characterization.
Our first step was then the development of a fixpoint definition for NGFF P . The fixpoint semantics defined in [15] is derived from a semantics which extends with infinite computations the trace semantics in [8] , by defining a Galois insertion modeling finite failure. The corresponding abstract fixpoint semantics correctly models finite failure and is and-compositional.
In this paper we take this semantics (shortly described in Section 2) as the basis for a verification method (defined in Section 3), which extends to finite failure Ferrand's approach [13] , which uses two semantics (a least fixpoint and a greatest fixpoint semantics) and two specifications. In particular, we apply Ferrand's approach using a least fixpoint semantics (T ff P ↑ ω) and a T ff P ↓ ω semantics. We obtain a nice interpretation for the verification w.r.t. T ff P ↓ ω semantics, i.e. T ff P ↓ ω models the unsolvable atomic goals as introduced in [5] . The verification method is not effective. We consider therefore an approximation from above (Section 4.1) and an approximation from below (Section 4.2), which give two different finite approximations of the Non-Ground Finite Failure set and of the success set, the set of atoms which have a successful derivation.
Finally, in Section 5, we make the techniques of Section 3 effective by using the approximations from above and from below of Section 4 applied to the least fixpoint semantics and to the T ff P ↓ ω semantics respectively.
A Fixpoint Semantics for Finite Failure
As already mentioned, the finite failure semantics operator of definition 3 is systematically derived from a trace semantics which models successful and infinite derivations by using abstract interpretation techniques. A Galois insertion modeling finite failure is defined on an abstract domain suitable to model finite failure and to make the abstract operator complete (i.e. precise). Here we just give the semantics for finite failure, together with some technical definitions, which are needed to achieve a better understanding.
The reader is assumed to be familiar with the terminology of and the basic results in the semantics of logic programs [1, 18] and with the theory of abstract interpretation as presented in [9, 10] . Moreover, we will denote by x and t a tuple of distinct variables and a tuple of terms respectively, while B and G will denote a
